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Objective. We investigated whether perceived exertion, in comparison to the physiological response to exercise, was associated with
self-reported vitality, mental health, and physical function during daily activities, or weight control behaviors. Design.W e i g h t -
reduced, formerly overweight women (n = 126, aged 22–46 years), completed health and dietary control questionnaires, and
underwent a treadmill-walking task while heart rate, ventilation, respiratory exchange ratio, and ratings of perceived exertion were
recorded. Results. Overperception of exertion (perceived exertion physiological exertion) was inversely associated with vitality
(r =− 0.190, P<. 05), mental health (r =− 0.188, P<. 05), and dietary control (r values range −0.231 to −0.317, P<. 05). In
linearregressionmodeling,vitalityormentalhealth,andcognitivedietaryrestraintwereindependentlyassociatedwithaccuracyof
perceived exertion, independent of age, ethnicity, and engagement in exercise during weight loss. Each model explained 7%-8% of
thevarianceinaccuracyofperceivedexertion.Conclusion.Womenwithlowvitalityorpoormentalhealth,andpoordietarycontrol
may overperceive exertion. Such overperception may be a barrier to engage in physical activity and thus increase susceptibility to
weight gain.
1.Introduction
Theobesityepidemichasbeenattributedinparttosedentary
lifestyles. While advances in technology and changes in
the environment have promoted sedentary lifestyles, public
health eﬀorts have attempted to counter these changes by
encouraging physical activity among the general population.
Despite these eﬀorts, the proportion of adults in the
USA who meet daily physical activity recommendations is
estimated to be between just 5% and 28% [1, 2].
It is possible that people with low levels of physical
activity do not engage in exercise because they perceive it
as being diﬃcult. Indeed, in a study of sedentary women,
those with low activity-related energy expenditure tended to
have high ratings of perceived exertion during standardized
activities of daily living [3]. Whether high perceived exertion
reﬂects true physiological exertion has not been investigated
thoroughly. Borg rating scales are frequently used to measure
perceived exertion and the 15-point scale speciﬁcally, is
believed to reﬂect heart rate during a physical activity task
[4–6]. It is likely, however, that other physiological indices
such as ventilation and respiratory exchange ratio (RER),
impact ratings of perceived exertion (RPE). Our group
recently developed an index of the accuracy of perceived2 Journal of Obesity
exertion by comparing a composite measure of physiological
exertion encompassing heart rate, ventilation, and RER, to
individuals’ RPE [7]. In this study, it was found that even
among a relatively homogenous sedentary, premenopausal
female population, some tended to overperceive exertion,
while others underperceived exertion [7]. Furthermore,
women who perceived exertion to be greater than that
implied by their physiological response were more likely to
regain weight after a weight loss intervention [7].
Despitethepotentialimportanceofaccuracyinperceived
exertion to regulate engagement in physical activity, very
few studies have investigated factors that might inﬂuence the
accuracy of perceived exertion. It is feasible that an under-
lying psychological or behavioral proﬁle might be associated
with the tendency to over- or underperceive exertion. Equiv-
ocal results have been shown in investigations of personality
constructs and perceived exertion [8–11]. However, one
study found that women with an external locus of control
hadhigherRPEduringacycletaskascomparedtothosewith
an internal locus of control [11]. These authors also reported
that women with an external locus of control reported
greater RPE relative to heart rate than that expected in the
general population. Although these ﬁndings support the
hypothesis that an external locus of control is associated with
the overperception of exertion, little research has explored
this possibility further, and none has shown whether weight-
related locus of control speciﬁcally is related to accuracy in
the perception of exertion. Furthermore, to our knowledge,
associations between accuracy of perceived exertion and
perceived physical and mental health, and self-reported
weight control behaviors, have not been investigated.
The main objective of this study was to examine whether
self-reported vitality, mental health, physical function dur-
ing activities of daily life, or self-reported weight control
behaviors, were associated with the accuracy of perceived
exertion; a construct which has previously been shown to be
an independent predictor of weight regain. Speciﬁcally, we
hypothesized that those women who overperceived exertion
would have lower vitality, poorer physical function, and
poorer mental health, and would report poor weight control
b e h a v i o r ss u c ha sal a c ko fd i e t a r yc o n t r o la n da ne x t e r n a l
weightlocusofcontrol(i.e.,blamingexternalfactorsfortheir
weight). This was investigated in a group of premenopausal
sedentary women who had previously lost weight via an
investigator-managed intervention.
2. Methods
2.1. Subjects. This investigation was conducted in women
who were enrolled in a weight loss and weight loss
maintenance study. Overweight (BMI 27–30kg/m2), pre-
menopausal (22–46 years) women underwent a weight
loss intervention in which they were provided with a
3347.2kJ/day diet with or without exercise training. Women
were maintained on this program until they achieved a BMI
of <25kg/m2. All women were nonsmokers and experienced
regular menses. We used all available data from those women
who had completed the weight loss phase (n = 126).
2.2. Procedure. Immediately following weight loss, women
underwent a 4-week supervised weight maintenance period
during which they were weighed 3–5 times per week. For
the last 2 weeks of this period, subjects were provided with
a control diet (20%–22%kJ from fat, 18%–22%kJ from
protein, 58%–62%kJ from carbohydrate) from the General
Clinical Research Center (GCRC) kitchen. At the end of this
weight maintenance period, subjects completed question-
naires regarding their perceived health and weight control
behaviors, and underwent exercise and body composition
testing. The protocol was approved by the University of
Alabama at Birmingham Institutional Review Board and
was compliant with the Human Services Regulation for
Protection of Human Research Subjects. Informed consent
was provided by each participant.
2.3. Measures
2.3.1. Treadmill Tests. Study participants underwent both
a submaximal and a maximal test on a calibrated tread-
mill following an overnight fast. For the submaximal test,
participants maintained a 4.84km/h (3mph) pace for 4
minutes, while measurements of heart rate (HR), oxygen
consumption ( ˙ VO2), ventilation ( ˙ VE), respiratory exchange
ratio (RER), and ratings of perceived exertion (RPE), were
obtained.Heartratewasmeasuredusingaheartratemonitor
(Polar Vantage XL, Polar Beat, Port Washington, New York).
Open-circuit spirometry using a MAX-II metabolic testing
system (PHYSIO-DYNE, Quogue, New York) measured ˙ VE,
˙ VO2,a n d ˙ VCO2. Steady state ˙ VO2 was derived from the
average of the 3rd and 4th minutes. The RPE was collected
during the 4th minute using the 15-point Borg rating scale
[4, 5]. The 4.84km/h pace was chosen as a common velocity
at which steady state oxygen uptake can be achieved by
sedentary women [12]. All participants had experienced at
least two treadmill walks prior to testing.
The maximal test involved the use of the modiﬁed
Bruce protocol and has previously been described in [7]. In
brief, participants began walking at 4.84km/h on the ﬂat
for 2 minutes, after which the grade was increased 2.5%
each minute until voluntary exhaustion. Maximum oxygen
uptake ( ˙ VO2max) was determined by indirect calorimetry
(MAX-II CART). All participants reached at least 2 criteria
for achieving ˙ VO2max, (plateauing of ˙ VO2, RER above 1.2,
and heart rate within 10 beats of age predicted maximum).
RPEandthephysiologicalexertionmeasuresofHR,RER,
and ˙ VE were obtained in the same manner as those used
during the submaximal treadmill test.
2.3.2.PhysiologicalExertion. Acompositescoreofphysiolog-
icalexertionwascalculatedinthemannerdescribedbyBrock
et al. [7]. In brief, we ﬁrst calculated relative physiological
eﬀort during the submaximal treadmill task by dividing the
submaximalexertionvaluebythemaximalexertionvaluefor
each of HR, ˙ VE, RER, and RPE and then converted each to a
z-score. The composite physiological exertion score was then
derivedbyaveragingthez-scoresofrelativeeﬀortforHR, ˙ VE,
and RER.Journal of Obesity 3
2.3.3. Accuracy of Perceived Exertion. To quantify the degree
of accuracy in perceived exertion, the composite physiolog-
ical exertion z-score was subtracted from the RPE z-score
[7]. In this way, positive values would reﬂect overperception
of exertion, and negative values reﬂect underperception of
exertion.
Accuracy of perceived exertion = RPEz − composite
physiological exertionz.
2.4. Questionnaires. While maintained in energy balance,
study participants were asked to complete questionnaires.
To assess self-reported vitality and physical function, we
administered the Short-form health survey (SF-36) which is
a 36-item survey measuring 8 subscales (Medical Outcomes
Trust, Boston, MA). Consistent with our hypotheses for this
study, we focused on the physical function, mental health,
and vitality subscale scores. Raw scores were converted to a
percentage with high percentages to good perceived physical
function, mental health, and vitality/energy.
To assess depression we used the Beck Depression
Inventory-II (BDI; [13]). Each of the 21 items corresponds
to a symptom of depression. Participants rated the extent
t ow h i c he a c hs y m p t o ma ﬀected them on a scale from
0 (no symptom) to 3 (severe symptom). The sum of all
items provides an estimate of the presence and severity of
depressive symptoms, with high scores indicative of more
depression.
To assess weight control behaviors, we administered
the Weight Locus of Control (WLOC) survey [14]a n d
two dietary control surveys: the Three-Factor Eating
Questionnaire-revised (TFEQ-R; [15]) and the Weight
Eﬃcacy Lifestyle (WEL; [16]) questionnaires. The WLOC
measures the degree to which people attribute their weight
status to internal versus external factors. High scores indicate
attribution of weight control to external forces beyond
their control. The 18-item TFEQ-R provides scores on
three factors: cognitive restraint, uncontrolled eating (i.e.,
disinhibition), and emotional eating. Higher scores indicate
greater cognitive restraint, more control over eating and
less emotional eating. We elected to use this revised version
rather than the original TFEQ because this version is shorter
and so eased the paperwork burden on the participants.
The WEL questionnaire contains 20 items that address
dietary self-eﬃcacy (i.e., conﬁdence to resist food), yielding
an overall mean and ﬁve subscale scores. Higher scores
reﬂect greater conﬁdence to resist food. Given that we were
interested in general dietary control as a weight control
behavior, we considered only the overall mean of this survey.
2.5. Statistics. Simple Pearson correlations were used to
assess the degree of association between each of the ques-
tionnaire outcomes, and the RPE and accuracy of perceived
exertion during the submaximal task. Multiple linear regres-
sion analyses were then used to determine whether any of
the questionnaire outcomes contributed to the variance in
accuracy of perceived exertion. The adjusted R2 of the model
was used to denote the percent of variance in the dependent
variable explained by the independent variables.
Table 1: Characteristics of the study population.
Variable Mean ± SD
Ethnicity 49.2% European American
Age (years) 34.94 ±6.21
BMI (kg/m2)2 3 .85 ±1.01
Walk 4.84km/h RPE 9.04 ± 1.89 (45.2% of max)
Walk 4.84km/h composite
physiological exertion
(Z-scores)
0.01 ± 0.79 (49.4% of max)
Walk 4.84km/h accuracy of
perceived exertion (Z-scores)
−0.06 ± 1.18 (range: −3.1 to 2.4)
˙ VO2 max 33.04 ± 4.99
Physical function 96.71 ± 10.08%
Vitality 66.25 ± 16.62%
Mental health 82.69 ± 12.09%
Beck depression inventory 3.68 ± 3.92
Weight locus of control 6.90 ± 2.52
Cognitive restraint 19.79 ± 3.03
Uncontrolled eating 27.92 ± 4.37
Emotional eating 8.35 ± 2.47
Dietary self-eﬃcacy 6.76 ± 1.47
All data are reported as mean ± standard deviation, and
the alpha level was set at 0.05 for all analyses. All analyses
were made with SPSS version 10.0.
3. Results
Characteristics of the study population are presented in
Table 1. Sixty-two of the women were European American
and 64 were African American. As a group, participants per-
ceived their exertion to be approximately 45% of maximum
during the 4.84kph treadmill task, and their physiological
exertion was similar (49% of maximum). On average across
the whole group, RPE was representative of physiological
exertion, depicted by the mean of 0 for accuracy of perceived
exertion. As expected in a normally distributed population,
approximately 49% of participants overperceived exertion,
with 15.1% of the entire sample overperceiving exertion
by at least 1 standard deviation. Neither RPE nor accuracy
of perceived exertion diﬀered by whether participants had
engaged in exercise during the weight loss intervention.
AsshowninTable2,simplePearsoncorrelationsrevealed
that RPE was inversely associated with each of the dietary
control indices, vitality, and weakly with mental health.
In addition, there was a tendency for women who report
an external weight locus of control to have higher RPE.
Thus, women with high RPE tended to report poorer weight
control behaviors, lower vitality, and poorer mental health
compared to those with low RPE. These questionnaire
outcomes were not associated with the composite physio-
logical exertion score to a statistically signiﬁcant degree. The
accuracy of perceived exertion score was inversely associated
with each of the dietary control indices, vitality, and mental
health,asshowninFigures1(a)–1(f).Inotherwords,women4 Journal of Obesity
Table 2: Simple correlations between RPE and questionnaire
outcomes.
Variable r
Physical function 0.045
Vitality −0.204
∗
Mental health −0.164
†
Beck depression inventory −0.110
Weight locus of control 0.167
†
Cognitive restraint −0.203
∗
Uncontrolled eating −0.166
†
Emotional eating −0.224
∗
Dietary self-eﬃcacy −0.246
∗∗
∗P<. 05; ∗∗P<. 01; †.05 <P<. 10
who overperceived exertion reported less dietary control,
lower vitality, and poorer mental health. Ethnicity, age,
and physical function were not associated with RPE or the
accuracy of perceived exertion score.
Multiplelinearregressionmodelswereusedtodetermine
whether the questionnaire outcomes predicted variance in
the accuracy of perceived exertion. Due to the collinearity
between the dietary control indices, we used only the
TFEQ-cognitive restraint score in the regression models
as representative of general dietary control. In addition,
vitality and mental health were found to be correlated in
this sample (r = 0.547, P<. 001), and so each of these
variables was included in separate models. As shown in
Table 3 (model 1), low cognitive restraint and low vitality
were each independently associated with the overperception
of exertion, and together accounted for almost 8% of the
variance in the overperception of exertion. In model 2,
vitality was replaced with mental health, which subsequently
was also found to be associated with the overperception
of exertion, independently of cognitive restraint. Together,
cognitive restraint and mental health accounted for 7% of
the variance in overperception of exertion. When ethnicity,
age, and weight loss intervention group (i.e., exercise versus
no exercise) were included in these models, these variables
were not predictive of accuracy of perceived exertion and
did not aﬀect the signiﬁcance of the associations between
cognitive restraint, vitality, and mental health and accuracy
of perceived exertion.
4. Discussion
This study examined whether self-reported physical or
mental health, or weight control behaviors were related to
the tendency to over- or underperceive exertion. To date,
very little research has attempted to relate accuracy of per-
ceivedexertionwithpsychologicalvariables.Identiﬁcationof
factors that may inﬂuence accuracy of perceived exertion is
important however, because ultimately, the overperception
of exertion may serve as a barrier against engagement in
physical activity and thus a barrier against maintaining a
healthy lifestyle and body weight. Indeed, our previous work
has shown that women who overperceive exertion during
physical activity are more likely to regain previously lost
weight [7]. In the current study, we found support for our
ap r i o r ihypothesis, that women who overperceived exertion
reported lower vitality, poorer mental health, and poorer
dietary control compared to those who underperceived
exertion. Although the associations of these variables with
the overperception of exertion was modest, the ﬁndings
are of importance because they infer that psychological
constructsmaybeinvolvedinaccuracyofperceivedexertion,
which ultimately may inﬂuence how likely a person is to
engage in physical activity.
The ﬁnding that low self-reported vitality was associated
with the overperception of exertion is not altogether sur-
prising. Women who feel more energetic would be expected
to perceive physical activity as easier than those who are
fatigued or less energetic. A few previous studies imply
the existence of such an association between vitality and
perceived exertion [17, 18]. This current study extends these
ﬁndings by showing that vitality was related to perceived
exertion but not to physiological measures of exertion,
suggesting that there may be a psychological component
captured by the vitality score that underlies perceived
exertion.
It is unlikely that low vitality among those who overper-
ceived exertion in this study was related to perceived poor
functional capacity, given the lack of association between
accuracy of perceived exertion and self-reported physical
function during tasks of daily living. However, it is plausible
that the association between accuracy of perceived exertion
and vitality is a function of the amount or intensity of
physicalactivitythatpeopleengageinduringtheirdailylives.
Amountoffree-livingphysicalactivityorenergyexpenditure
is positively associated with greater perceived energy or
vitality [19–21] and inversely associated with RPE [3]. The
intensity of free-living activity, in addition to the amount
of free-living activity, might also be important, with less
intense free-living activity being associated with higher RPE
during exercise [22]. Together with the current ﬁndings,
research supports a role for engagement in physical activity
as mediating the relationship between vitality and accuracy
in the perception of exertion. Future research is warranted,
particularly to determine whether poor vitality precedes, or
is consequent to, sedentary behavior. Furthermore, it will
be important to consider whether it is the amount of, or
the intensity of, free-living physical activity that mediates
the relationship between accuracy of perceived exertion and
vitality.
In a review of the psychological correlates of perceived
exertion, Morgan [23] showed that anxiety, depression, and
neuroticism have each been found to be associated with
perceived exertion. Our study extends these ﬁndings to show
that poor mental health was related speciﬁcally to the over-
perception of exertion, in comparison to the physiological
response to the exercise challenge. The mechanism under-
lying the association between mental health and accuracy
in the perception of exertion is not known. However, given
the collinearity between mental health and vitality in this
sample, it is possible that the combination of these two
variables represent another underlying construct that wasJournal of Obesity 5
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Figure 1: Simple Pearson correlations between accuracy of perceived exertion and vitality (a), mental health (b), cognitive restraint (c),
control of eating (d), emotional eating (e), and dietary self-eﬃcacy (f). The overperception of exertion was associated with lower vitality,
poorer mental health, less cognitive restraint, less control of eating, more emotional eating, and lower dietary self-eﬃcacy.6 Journal of Obesity
Table 3: Multiple linear regression models for the dependent
variable “accuracy of perceived exertion”.
Model
variables Intercept Slope Model
adj·R2
Standardized
β P
Model 1 2.683 0.077 .003
Cognitive
restraint
−0.093 −0.236 .007
Vitality −0.014 −0.194 .027
Model 2 3.099 0.070 .004
Cognitive
restraint
−0.087 −0.223 .011
Mental
Health
−0.018 −0.179 .041
not examined here. For example, low mental health and low
vitality scores may reﬂect a more negative personality, which
wasalsopossiblyreﬂectedbytheiroverperceptionofexertion
during the exercise challenge. Alternately, relatively poor
mental health, like vitality, might result in less free-living
physical activity, either by duration or intensity, resulting
in inaccuracy in the perception of exertion. Future research
should explore this ﬁnding further to examine whether men-
tal health directly inﬂuences accuracy of perceived exertion,
or whether its eﬀect is mediated by another underlying
construct, such as regulation of free-living physical activity.
The association between low dietary restraint and over-
perception of exertion, on the surface, appears diﬃcult
to explain. Given that all four indices of dietary restraint
were shown to be related to accuracy of perceived exertion,
and that each index measures a diﬀerent (although related)
dietary behavior, it could be the case that the lack of dietary
restraintisaproxyindicatorofpoorweightcontrolbehaviors
in general. In support of this possibility, a review of dietary
disinhibitionstudiessuggestedthatpeoplewithhighdisinhi-
bition or uncontrolled eating are more likely to be sedentary
than those with better dietary control [24]. Similarly, a study
offemalecollegestudentsfoundthatthosewithahighdegree
of dietary restraint also exercised more, which may indicate
thatwomenwithgooddietarycontrolalsousephysicalactiv-
ity to control their weight [25]. An alternative explanation
for our ﬁnding may be that women who ﬁnd exercise to be
particularly diﬃcult are more critical of their own feeding
behavior irrespective of whether that perception is realistic.
Regardless of the underlying reason for this association,
it highlights the fact that, although successful weight loss
depends on lifestyle changes, including increased physical
activity, perceived diﬃculty of exercise and lack of dietary
control are both barriers to lifestyle change, and both may
need to be addressed before weight loss can be maintained.
In this study a weak association was found between
weight-speciﬁc locus of control and RPE. The ﬁnding is
in support of that shown by Hassm´ en and Koivula [11],
who found that women with an external locus of control
had higher RPE but lower heart rates than that expected in
the general population, during a cycle task. Although their
results imply that a generalized external locus of control is
associated with the overperception of exertion, we did not
ﬁnd that a weight-speciﬁc locus of control was associated
with the overperception of exertion. It may be that the
weight-speciﬁc locus of control measure we used in this
study is too speciﬁc, particularly among a relatively homoge-
nous formerly overweight, sedentary female population, to
identify an association between weight locus of control and
accuracy in perceived exertion. Despite the limited ﬁndings
of the current study, future investigations of locus of control
and accuracy of perceived exertion might be valuable to
identify an underlying personality construct that relates to
the overperception of exertion.
This study was strengthened by the fact that we objec-
tively assessed accuracy of perceived exertion, through
comparison with a composite physiological exertion score,
rather than comparing RPE to heart rate. Furthermore,
testing was performed while participants were in weight
maintenance, with food provided by the investigators, which
would have minimized any extraneous eﬀect of recent
food intake on study outcomes. The relative homogeneity
of the study population (i.e., premenopausal women who
underwentarecentweightlossinterventiontoachieveaBMI
< 25.0kg/m2), limits the generalizability of these results to
the population at large. This homogeneity may have also
contributed to the modest nature of the associations shown
here, and studies with a more heterogeneous population
would be valuable to explore both the generalizability of
these ﬁndings and strength of the associations further.
Also, although we were able to identify correlates of the
overperception of exertion, further research will be required
to show cause and eﬀect.
Despite these limitations, the results of this study provide
an interesting thread for future research. Factors that are
associated with the accuracy of perceived exertion may be
valuable in terms of identifying people who are likely to
experience diﬃculty in changing their lifestyle to defend
against weight gain or weight regain. Future research is
needed to explore whether RPE, or more speciﬁcally, accu-
racy of perceived exertion directly or indirectly inﬂuences
motivation to undertake physical activity under free-living
conditions.
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